Despite the efficiency of serum prophylaxis, the question of the treatment of tetanus is by no means merely academic, for, as Robertson18 points out, fatal cases of tetanus do occur after what seems adequate prophylaxis. The administration of uncontaminated smallpox vaccine, or of quinine4, under the most rigid technic, may activate an unsuspected focus of tetanus spores within the body. Sometimes the most trifling wounds give rise to tetanus, yet the incidence of the disease compared to the incidence of minor injuries is so low that, even were it practicable, the administration of antitoxin in all cases where the skin is broken would not be advisable. Moreover, the human element not infrequently fails, and with wounds which constitute a specific indication for tetanus antitoxin, none is given.
Some rather extraordinary methods have been proposed. In Italy the Bacelli methodOT. 70 iS still widely used. This technic consists in the subcutaneous injection by divided doses of from 0.5 gm. to 3 gm. of phenol per day, in 3 per cent solution. This medication is supposed to quiet the nervous system and to destroy the bacilli and toxin. Phenol will, after 24 hours in vitro, decompose toxin6 and quite low concentrations will inhibit the growth of bacilli and toxin production4' but one would hardly be willing to adopt such a treatment without the most convincing and carefully controlled experimental data in its favor. Kitasato ' found it to be without value, and, indeed, the lists of cases and cures cited by Bacelli67 from the Italian literature, do not carry conviction, for in tetanus it is much more common to report recoveries than to report deaths, and the literature in general gives far too bright a picture as to the chances for recovery. The Bacelli method has not been used in Germany.
It was tried in some of the British hospitals during the war "8, but did not seem at all effective. The danger of large doses of phenol need hardly be mentioned.
A much more logical way of opposing the toxin is the natural way. Behring and Kitasato2 found that small, increasing doses of toxin combined with trichloriodide would render an animal refractory to large doses of pure toxin. They found that the serum of such an animal would neutralize toxin in vitro, and, furthermore, if injected into another animal, would protect the latter against a subcutaneous fatal dose of toxin. Concerning the origin of this "antitoxin" component all was obscure. When Wassermann24 discovered that a suspension of brain or spinal cord could neutralize tetanus toxin, as does an immune serum, it was natural to suppose that the two fixations were similar in character. The underlying current of thought, perhaps never clearly expressed, was that the normal brain contained substances capable of rendering tetanus toxin innocuous, and that in immunization a large number of these antibodies were formed in the brain, some of which, breaking loose and drifting into the blood stream, formed the humoral antibodies. In other words, it was felt that the presence of the latter was part of a massive, integrated, and effective phenomenon of immunity.
This notion was somewhat weakened by the work of Metchnikoff '0 , who showed that the brain tissue of animals naturally refrac-tory to tetanus-reptiles, birds, etc.-did not fix tetanus toxin, while with brains of animals susceptible to tetanus the fixation was very striking. The affinity between brain and tetanus toxin appeared to be an index of the susceptibility of the animal. If the humoral antibodies originate in the brain, then in an animal whose serum is antitoxic the resistance of the brain should be very high. However, Roux and Borrel20 showed that intracerebral inoculation of a dose smaller than that necessary to produce death if administered subcutaneously in a normal animal, would cause fatal tetanus even in an actively immunized one. An interesting piece of evidence was adduced by Teale and Embleton22, who found that iodized toxin, innocuous subcutaneously, was fatal intracerebrally, and these authors concluded that iodine must keep the toxin from the central nervous system. But iodized toxin is commonly used to produce antitoxin. We may conclude, therefore, that while neurotropic fixation and antitoxin formation both represent an organic reactivity to tetanus toxin -for the cold-blooded animals which are so refractory to tetanus have no humoral antibody for it-they are nevertheless entirely dissociated phenomena, the one being fatal to the host, the other a defensive mechanism.
Neurotropic fixation is a phenomenon of extraordinary interest. A brain suspension, and, to a lesser degree, a spinal cord suspension, will flocculate with tetanus toxin21, and since this flocculation is not prevented by extracting the tissues with ether, the magic words "lipotropic fixation" do not apply. There is every reason to believe that it occurs in vivo, and is not merely a test-tube phenomenon. Tetanus contracture" will never develop in a muscle whose nerve has been cut. If tetanus toxin is injected into the brain or spinal cord" ' ". symptoms will begin within from 2 to 4 hours, while after subcutaneous or intravenous injection the incubation period in most laboratory animals is between I2 and 48 hours. After intraspinous injection9 1, no toxin is found in the peripheral nerves or muscles. All these facts would indicate not only that tetanus toxin may act upon the central nervous system, but that the latter is its main site of action.
However, implantation of cord tissue into another animal very rarely causes-tetanus, for few investigators have taken the trouble to grind the tissue up very fine and let it stand in saline for a requisite time; a procedure which will usually free the toxin23. Moreover, if an inventory is taken of the toxin content of the blood, lymph, peripheral nerves, etc., 24 hours after inoculation, a "deficit" is almost constantly found10. Some of the toxin injected has become anchored somewhere, and surely all the evidence points to the central nervous system.
The question as to whether a sufficient concentration of antitoxin can "pull" toxin away from nervous tissue has never been settled, although the early experiments with antiserum indicate that the nervous system cannot "pull" an appreciable amount of toxin away from antitoxin. Whether this is due to the firmness of the union, or to the inability of antitoxin to pass through the capillary membrane and hence give the nerve cell a chance to take its toxin away has never been answered. was not so much a therapy for the active local tetanus, on which it had no observable effect, as a prophylaxis against bulbar tetanus.
The term "lockjaw" should indicate to Us that in man the disease is usually bulbar from the first. Roux himself states that he does not consider his results applicable to man. There are numerous problems which should be worked out in connection with direct injection of antitoxin into the central nervous system, but they should be studied in the laboratory rather than in the clinic.
It is now almost universally admitted that the toxin in the central nervous system is beyond our therapeutic attack, but the absorption of toxin into the central nervous system is by no means an immediate process, so that even when the symptoms are most severe it is improbable that all the toxin in the body is in the brain and spinal cord. The routes whereby toxin reaches the central nervous system become of importance, and suggest the possibility of intercepting it on its way. Marie and Morax8 noted that an intramuscular injection of a lethal dose of tetanus toxin into a rabbit was followed by local tetanus, which later became general, while ten times the same dose, given intravenously, would be just sufficient to kill the animal, but with an entirely different clinical picture-the so-called splanchnic tetanus. They thought it likelv, therefore, that the toxin might reach the central nervous system through the peripheral nerves, but they were unable to demonstrate a fixation in vitro of toxin by the peripheral nerves; (cf.7) however, they found, as Meyer had previously noted, that 30 minutes after the inoculation of tetanus toxin into the hind paw of a guinea pig, a piece of sciatic nerve from this animal transplanted into a rat would cause a fatal tetanus. Two hours after section of the sciatic of a leg which had received toxin, the central stump was toxin-free, indicating that toxin in the nerve was travelling centrally at a fairlv rapid rate. They also showed that in a nerve sectioned prior to inoculation of the animal the peripheral end rapidly became toxic, while the central end remained practically free. Hence they concluded that it was through the peripheral nerve-endings that the toxin was absorbed. Six days after section, however, the peripheral end would not take up toxin, showing that integrity of the axis-cylinder was apparently necessary for absorption. It seemed, therefore, that the toxin had a "travel affinity" for the peripheral nerves.
Work of a more quantitative type was done by Teale and 22 , the muscles in a region supplied by a nerve previously "blocked" by antitoxin will long remain free from tetanus, however striking the manifestations may be in the rest of the neuromuscular system. Inoculation of toxin into a nerveless area, such as the testis or vitreous humor, will lead to toxicity in the neighboring motor nerves. Tetanus will develop much more rapidly after intraneural inoculation" than after subcutaneous or intravenous administration of toxin. All in all, one may conclude that the nerve trunk route is well established, and that this is sufficient to account for the clinical and laboratory pictures of tetanus. And yet, it is dangerous to say that toxin never reaches the spinal cord by any other route, for if the cord or brain be traumatized immediately after the intravenous injection of toxin"', a very severe tetanus will quickly develop, the toxin being focussed at the site of the injury. However, it seems questionable whether the vascular route is of importance in typical laboratory or clinical tetanus. 2I 2 Robertson"7 and others have objected strongly to the concept of "travel affinity", and have endeavored to substitute the concept of transportation along the perineural lymphatics. Robertson has shown that this is anatomically possible. The lymph-channels side-track the posterior roots-hence "tetanus dolorosus" is a laboratory curiosity rather than a common occurrence. Teale and Embleton22 have injected horse serum and egg-white into a nerve-trunk, and find this procedure almost as effective against local tetanus after intravenous intoxication as is the specific antitoxin. They believe that the effect of this measure is to set up an exudative process which blocks the lymphatics.
On the other hand, we, should expect to find an equilibrium between the toxin content of the nerve lymph and that of the chyle and serum, whereas it is clear from Teale and Embleton's work that such an equilibrium does not exist. It is somewhat difficult to visualize a "travel affinity", but surely we encounter in vivo, affinities which are not demonstrable as fixation phenomena in vitro. If it is difficult to visualize the large albuminoid toxin molecule14 crossing membranes into the nerve protoplasm, it is still more difficult to conceive of any affinity of toxin for nerve lymph, or for anything which will pick up toxin and carry it over to nerve lymph. Tetanus antitoxin, however, does reach the lymph, both in the neck and in the thoracic duct, soon after intravenous or subcutaneous administration"'1 '-. It should be possible, therefore, to reach toxin ifY indeed, it is in the nerve lymph channels. Experiment solves this question in the most striking way. Intraneural injection of toxin" may succeed in producing fatal tetanus in an animal, of whose blood 0.02 cc. would suffice to neutralize the toxin in vitro. We need not quibble about how the toxin is carried to the central nervous system, as long as we remember that it is found in the peripheral nerves in higher concentration than one would anticipate from the titre of the body fluids, and that a high active or passive immunity, sufficient to render the animal refractory to very large doses of toxin subcu. taneously, may not protect it against a slightly increased dose given intraneurally.
It has not been directly shown whether or not tetanus antitoxin can enter an axis-cylinder; Teale Of course, one must conclude that on passive immunization the antitoxin will not penetrate sufficiently to overcome an active intoxication. However, the evidence for a slowly diffusing immunity is highly suggestive. After the first intraneural inoculation the available intracellular antitoxin is all eliminated, and the second inoculation, within the week, finds the nerve tissue defenseless. If this notion is correct, the immunity should reestablish itself after a longer period. It would be interesting to test this experimentally. It is hardly conceivable that with an active focus of tetanus infection some toxin should not reach peripheral nerve-endings. Unless antiserum has some effect on the tetanus bacilli, it is difficult to see how serum prophvlaxis can be so efficient-and no one who considers the war statistiCS23 ' 68, 71 can doubt its efficiency-without producing some degree of immunity in the nerves. It seems logical to conclude that it is not possible to reach all of the toxin in the nerve-trunks by rendering the body fluids highly antitoxic, and it is equally logical to infer that only that portion of the toxin which is in the blood, the general lymph-channels, and in the perineural lymphatics,-for though we have shown the latter route inadequate to account for the phenomena in nerves, we have not proved its non-existence,--remains open to antitoxin therapy. If there are centripetal lymphatics in the nerve trunks, it seems only 2I 4 likely that toxin flows along them, and that this toxin can be reached. How much can we expect, then, from intravenous therapy?
Experiments by Francis4 have brought out very strikingly the paucity of toxin in the blood. Working with active infections in guinea pigs, he found that while the scrapings from the local wounds contained on the average 4,800 M.L.D., it required at least 2 cc. of serum from an animal to kill a mouse. The reaction in the wound must act as a barrier between the toxin and the serum, and, if our notions are correct, the toxin must be side-tracked through to the central nervous system by means of the peripheral nerves. The question is, is it this small amount of toxin in the serum, which, by spreading to other receptors, causes a tetanus eventually to become generalized, or is this phenomenon due to an ascent, of the toxin up the cord? Undoubtedly the first factor is of importance (cf. Teale and Embleton), but Meyer and Ransom" have shown that transection of the spinal cord in the cat will keep a tetanus localized in the rear quarters, while in a control cat, similarly injected in a sciatic nerve, the symptoms will eventually become generalized. If the small amount of toxin in the blood is really the agent which causes the disease to become generalized, then in a local tetanus intravenous therapy should be highly useful. If, however, the spinal spread is the real factor, then it is still conceivable that if the disease is progressing slowly, enough antitoxin might be absorbed by the unaffected regions to prevent their intoxication. Of course, we shall need to know much more about the viability of the tetanus bacillus in normal and immune animals before we can reach a conclusion about intravenous therapy. Is If the toxin spreads in the monkey by the vascular route, from nerve-ending to nerve-ending, rather than by the spinal ascending route, we can easily understand the efficacy of intravenous therapy. One wonders if similar results would be obtained with an active infection substituted for the intoxication. With a local infection it does not seem probable that much of the toxin would have reached the serum. It would have travelled by other routes. Now antitoxin injected intrathecally dissipates completely into the blood within 24 hours16, hence the toxin in the blood of the group treated in this manner will be to some extent neutralized. Teale and Embleton s22 experience with local exudative reactions in the perineural tissue may be recalled, and although clinicians have been alarmed at the tremendous meningeal reaction following intrathecal treatment, one wonders if it is not to this very reaction that the effect of this treatment is due. By some means an exudative reaction around the nerve-trunks impedes the progress of tetanus toxin to the central nervous system. After intrathecal administration of serum there is an exudative process around all the spinal nerves, and it would be interesting to see whether normal horse serum, given intrathecally, would not save some of the monkeys from a tetanus death. Of course, as has been indicated, in both intraspinous and intravenous therapy there is always the possibility that some absorption by the nerve cells may take place.
In comparing the toxin disease in the monkey with tetanus in man one is struck by four things. First, as mentioned above, Sherrington's experiments were not based on active infections. Second, the quantities of antitoxin used were enormous-2000 units per kilo of monkey. In an adult man this would amount to giving I 20,000 units at a single dose. Third, man is vastly more susceptible to tetanus toxin than is the monkey"7. Fourth, and this objection applies to all other experiments in specific treatment, treatment was begun after tetanus had set in, but while it was still local. In all laboratory animals local tetanus occurs long before general tetanus, 2I7 unless the intoxication is intravenous. In man, local tetanus was rarely seen before the introduction of specific prophylaxis. The treatment of the monkey was, in effect, a prophylaxis against general tetanus. In man, tetanus is general from the beginning. Despite the obvious discrepancies, such data have provided the bulwark of those who believe in antitoxin therapy.
In this discussion of tetanus intoxication we have, quite illegitimately, taken data from diverse experiments with several different species of animal to weld into a single scheme of what actually happens. We have concluded from a mass of data-no single aspect of which is quite certain or surely applicable-that none of the usual methods of serum therapy can be expected to produce a striking modification in the mortality or of the clinical picture of the disease in man. It is of interest to see how clinical statistics bear upon this theoretical probability.
Obviously, no true notion of the value of serum therapy can be gleaned from isolated cases in the literature. A series of such cases taken from pre-serum days7' shows a much higher percentage of recovery than is known to exist from hospital statistics. Only from war material can we get a complete set of figures, and here, as Bruce"8 points out, we must not be too radical in our interpretations, for there are many cases of men dying of several things at once. However, analyses of the war data7' point to the conclusion that it was prophylaxis, and not therapy, which modified both the incidence and the percentage mortality of tetanus. The figures early in the war before serum was introduced, together with the Civil and Crimean war figures, serve as controls. The striking thing about tetanus in the late war was the high proportion of "delayed incubation" cases and of local tetanus, due, doubtless, to the introduction of serum prophylaxis. The mortality of these types is quite low, and when the cases are grouped according to initial severity and incubation period, no reduction of mortality in each group can be demonstrated. From the few data69' 71 available it does not appear that the time of administration, the route, or the amount had any influence on the percentage of recoveries.
Man would appear to be so severely intoxicated at the very onset of tetanus that any steps toward the prevention of further concentration of toxin in the central nervous system will not greatly ameliorate his condition-no steps that have been generally attempted, at any rate. Surely one may conclude that serum treatment by the usual technics is not in itself a cure for tetanus. Whether, in connection with some more effective measure, it might prove a valuable auxiliary, is a question of great interest.
The way in which our clinical data and our reasoning tend to confirm each other gives us a somewhat greater confidence in the validity of each. We may safely say that our attempt to treat tetanus at its source-to attack the exciting cause-has not met with unqualified success. Let us investigate somewhat further into the mechanisms of tetanus. We shall be wholly in the modern spirit if, having failed satisfactorily to treat the ultimate cause, we investigate the relation of cause and effect at points more or less remote from it, for it may very well be that a consideration of the morbid physiology and anatomy of tetanus may aid in establishing a rational plan of treatment.
That there may be a metabolic disturbance in tetanus appears possible; the convulsions in tetanus and those in tetany are sufficiently alike to cause one to speculate on the possibility of a common factor. Krinizki40 found a fall of 30 to 50 per cent in the calcium content of serum of mice during the course of tetanus. A group of mice received bone transplants which raised the serum calcium, but after tetanus intoxication the concentration fell to levels just as low as those in the preceding group, so that the percentage reduction was even more striking. The significance of low blood calcium is not to be determined here, but the subject certainly warrants further study. An interesting, if somewhat fragmentary, observation is reported by Heim3", who states that the sodium content of the serum is first raised, then lowered, in tetanus, and that he has had favorable results from peroral and intravenous administration of sodium bicarbonate.
Turning to neurophysiology we find that we must carefully distinguish between the two phases of tetanus-the constant, steady contracture of certain muscle-groups, and the strychnine-like, more or less general, convulsions"l' 32 They concluded that the basis of tetanic riaidity was an exaggeration of the effect of proprioceptive stimuli. They noted, however, as others had done before them in experimental32 as well as in clinical46 tetanus, that no action currents could be demonstrated in a muscle in tetanus contracture. In decerebrate rigidity, of course, a regular rhythmic action current is a constant finding27 30. This scheme is, however, much too clear and simple. Work with "tetanus dolorosus"-a strange symptom-complex consequent to the injection of toxin into the dorsal roots1" 32, 33-has shown that toxin is able to stimulate pain fibers. In this condition transection of the spinal cord above the level of intoxication would, of course, eliminate the pain, but a regular twitching of the regional muscles, accompanied by some resistance to passive flexion, took place. Frohlich and Meyer33 observed similar phenomena on intoxication-intraspinal or intraneural-which took place after all the posterior roots, as well as the spinal cord, had been transected. Ranson45 reports that transection of the dorsal roots delays only slightly, and cannot prevent, the onset of tetanus contracture in the cat. After contracture has been present for a day or so neither novocaine nor transection of the posterior roots will abolish it. In other words, however tetanus toxin may act upon reflex arcs, synapses, etc., it can also act directly upon neurones, producing whatever symptoms are appropriate to the function of the neurones involved. Its manifestations are protean. It is a general poison to the nervous system.
Investigations on the steady contracture of musdes in tetanus have caused us to amplify the above statement somewhat. As '9 44 showed microscopic changes, believed to be specific in the sarcoplasm of muscles. They were unable to demonstrate any change in the lactic acid content28.
Tetanus toxin, then, is a poison to the whole neuromuscular system. Since tetanus never develops in a muscle whose nerve supply has previously been cut, it would seem that the "myostatic contracture" of Ranson was induced, not directly by the tetanus toxin, but indirectly through the action of the toxin on the nervous system. Since the action-currents have been tested on the day of onset of tetanus, and found absent41, it would seem that the alteration in the muscle begins very early. The "myostatic contracture", one would expect, is a gradual rather than a sudden development. Working with tetanus in mice, Melzner80 found that with a preparation of curare, which in sublethal doses would cause complete paralysis in normal mice, 3 to 4 times the lethal dose would not cause a complete remission of the muscle contracture. Since curare blocks the myoneural junction, do these results mean that he was dealing with a myostatic contracture? With others of the same group of mice he was able to produce a much more complete relaxation with nonlethal doses of avertin. There are only three possible explanations for these results: i) tetanus toxin opposes the action of curare (though the fatal dose was unaltered); 2) a remission of the myostatic contracture can be induced centrally if the nerve-pathways are left intact; 3) avertin has a local effect on muscle. It would be interesting to note whether, if tetanized cats were kept under protracted anesthesia, the development of myostatic contracture could be delayed. There is little evidence either to suggest or deny the presence of myostatic contracture in man. Muscle changes found at autopsy47 do not parallel those described by Ranson and his coworkers.
As to the cause of the convulsive seizures, physiology has little to contribute. It has been reported42 that the chronaxie of nerves and muscles is reduced in tetanus; the longer chronaxies more markedly so. This is in line with the concept of specific conductivity, which is so firmly seated in physiological thought. The common belief likens the transmitting and receiving neurones to radio sets. Reception will only take place if the receiver is set to the same wavefrequency as the transmitter. The analogy between chronaxie and wave-length or frequency seems somewhat vague, and one may question whether the incorporation of this notion into physiology is not based rather on the commonness and tangibility of radio sets than on more valid arguments. In any case, it does not seem as if the tendency of chronaxies in tetanus to come within the same range could be the real explanation of the general convulsive response to slight stimuli. For it has been noted1", 33 that in animals, stimulation of a leg which is markedly tetanized will cause a generalized spasm, while stimulation of the other leg will often produce only a moderate local response, not involving even the opposite limb. If the chronaxie explanation were the true one, it would be difficult to understand the detonating effect of stimulus in one region, while stimulation of another area which takes part in the general convulsion, will often produce no response other than a local one. If in leg B, which takes part in a general convulsion-induced by stimuli elsewhere-a stimulus will produce only a local response, it will not do to say that the motor chronaxie of the nerves of leg B is altered while the sensory chronaxie is unchanged, for then why should we be able to elicit local reflexes? Surely, one must conclude that the explanation of convulsions is a hypersensitivity of the nervous system, plus a particular reinforcement of the stimuli which emanate from the most affected nourones. Chronaxie will not help us.
Except for Roux' s cerebral tetanus20 there has been but little study of the effect of tetanus on the higher centers. WVe recall that the brain fixes tetanus toxin more strikingly than does the spinal cord. Clinically, however, there is some reason to believe that the higher centers are involved. The sensitivity to light and sound are certainly most marked. Evidence in this connection is provided by observations on a case of tetanus-which recovered-recently studied. Here it was noted that there was considerable difficulty in reestablishing contact with the world. It was relatively easy for the patient to talk to those people he was constantly seeing, but in the presence of someone unfamiliar, words could not be coaxed from him. Moreover, although he appeared perfectly conscious on admission, he stated, two weeks later, that he had absolutely no memory of the i6 hours previous to arrival at the hospital. A similar case of amnesia in a patient recovering from tetanus has been observed39. Whether this represents any specific effect on the brain, beyond what would be expected in any very severe illness, can hardly be answered.
In typical tetanus, the toxin, despite the multiplicity of its possible effects, manifests a specific affinity for certain centers. In man, the jaw and abdominal muscles will almost always be involved; in the cat, the forepaws show symptoms quite early. Tetanus toxin would appear to work segmentally rather than supras-gmentally. It might be thought that the muscle contracture could be explained by interference to the upper motor neurones, but then the specific affinities and all the phenomena of local tetanus become very difficult to explain. Tetanus toxin acts directly on the lower motor neurones. We may conclude that though tetanus acts on the centers of complex integrative activity, its main action is on the hind-brain and cord. Death in tetanus is commonly respiratory failure in a convulsion2". This respiratory failure, however, bears no relation to the respiratory failure of bulbar poliomyelitis. It is a strangulation due to spasm of the glottis, or a stasis due to spasticity of the diaphragm and intercostals, or a failure, due to excessive C02 production during a convulsion. It is not due to destruction of the bulbar center.
A comparison of tetanus and poliomyelitis brings many interesting questions to mind, for example, the relative mortality of the two diseases, and the residual effects after recovery. Cases of tetanus are mentioned38 in which the stiffness lasted over a year from the time convalescence started, but they are extremely rare, both in the laboratory and in the dinic. Of the two diseases tetanus is by far the more severe and dramatic,-but the changes induced in tetanus appear to be entirely reversible. Despite the extreme hyper-excitability which tetanus toxin causes in motor cells, there is no evidence that it destroys them. If destruction of the lower motor neurone occurred, one would expect to see a flaccid muscular paralysis with eventual complete atrophy. This could be masked for only a short time by myostatic contracture, for here, too, lower motor neurone elimination quickly leads to progressive atrophy, and moreover, myostatic contracture itself is completely reversible44. With botulinus, that other neurotropic exotoxin, the picture is first stiffness, then flaccidity, for the toxin first stimulates the neurones, then destroys them. Flaccid paralysis nas never been reportcd in tetanus. Complete restoration of function is the rule on recovery from tetanus. Tetanus toxin hyperstimulates neurones, but does not destroy them.
Since complete destruction of neurones does not take place, one would not expect to find instructive anatomical changes in tetanus, and, in fact, pathology has been of very little help in clarifying the disease entitv. It is now generally admitted that Nissl degeneration of the ganglion cells in the brain and spinal cord is usually found26' 35, 3 4 , but there is nothing specific about these changes and their interpretation is somewhat difficult. Foerster, in a recent lecture31, showed Nissl change after section either of axones or dendrites. Apparently it is associated with interference of cell function, rather than with destruction of the cell. Zimmerman48 states that Nissl change without shrinkage in the cells means nothing, and that neuropathologists feel that the changes in tetanus are the result of exhaustion, rather than the cause of any of the symptoms.
Death in tetanus appears to come in convulsive seizures26, and to be associated with circulatory or respiratory failure. The latter has already been discussed. The circulatory failure seems to be associated with the terrific demand made upon the heart by the convulsions. Apparently, if we could prevent acute death in convulsions,-and it should be possible by suitable narcosis to control the convulsive expression of the neuronal hyperexcitability,-the fundamental process could and would take care of itself. Consider again the contrast between poliomyelitis and tetanus. No known therapy will restore dead or dying nerve cells. Death from bulbar poliomyelitis is insidious; it creeps continuously nearer. Death from tetanus is almost incidental.
This consideration of the physiological features involved, offers a few clues as to how symptomatic treatment might be applied, but the important point is that physiological considerations show that in tetanus symptomatic treatment is good treatment, for in a very real sense patients die, not from the underlying disease process, but from the symptoms. There is reason to hope that if we can prevent convulsions, and relax the jaw and pharyngeal muscles sufficiently to make feeding possible, then the underlying process may go on to recovery.
Local anesthetics have been used in tetanus in an attempt to alleviate the trismus. The conclusion seems to be that they are sometimes successful to this end, but have little effect upon the mor- 84 Obviously, one cannot block all the sensory paths with local anesthetics, and if one could, it is by no means certain that this would control the symptoms. Curare is much too dangerous and uncertain to be relied upon,-alone, at any rate. Obviously, as we have said, our aim should be to control the convulsions. One might go into a theoretical discussion as to the value of producing general relaxation, since the metabolism of non-spasmodic contracture is apparently not high. Of course, one feels instinctively that a relaxed patient is better off than a spastic one, and the great battle of instinct versus theory need not take place, for the desirability of facilitating the passage of food, water, and urine (the sphincters are usually spastic) could hardly be argued. The ideal symptomatic treatment presupposed a suitable general anesthetic, not an hvpnotic, for the nervous system is too active to succumb to ordinary soothing. Because of this hyperexcitability of the nerves, if we find a suitable anesthetic one would imagine that we could afford to be rather heroic in its administration.
What are the requirements of an anesthetic for this purpose? Obviously, it should be reasonably safe, and yet, if an anesthetic were found which was in every other way suitable to our purpose, a surgical mortality slightly above that of other preparations would by no means rule it out, unless something equally suitable with a lower mortality rate could be found. The mortality from any anesthetic used in surgery could hardly compare with the mortality of tetanus. In this disease there is little to be gained by conservative treatment.
Our ideal anesthetic must have a protracted effect. It should, at the same time, be rapidly and completely eliminated, so that there will be no cumulative effect from repeated administration. It should be of such a nature that repeated administration will cause no serious or permanent damage to the viscera. Its mode of administration should produce no untoward or irritating effects. Above all, it must be effective. It must show its ability to quiet patients with severe tetanus.
The respiratory anesthetics will not do. Ether causes a marked preliminary stage of excitement, and moreover, it irritates the respiratory passages, giving just the stimulus that might cause laryngeal spasm. Repeated doses of chloroform would surely cause acute and permanent injury to the heart, and drastic damage to the liver.
Magnesium sulphate has been the agent of choice thus far52. It is undoubtedly effective, but the danger of respiratory failure is great.
Among the newer anesthetics the most prominent are amytal (sodium isoamyl barbituric acid) and avertin (tribromethyl alcohol, C Br3 CH2 OH). It must be recognized that the whole barbituric acid group are excreted very slowly, and the cumulative effect is marked55'58 63. Amytal has been used in tetanus63, but would not seem rational-unless nothing better can be found. Avertin was synthesized as a chemical curiosity by Willst' atter and Duisberg66 in I922. Its anesthetic action was discovered five years later by Eichholz53, and clinical trials65 soon followed. Up to the present time more than 250,000 cases of avertin anesthesia have been re-561 ported in the literature Avertin appears to be detoxicated in the liver by conjugation with glycuronic acid, and excreted by the kidneys. Large doses lhave a slight depressant effect on these organs50, but the excretion is practically complete within from 24 to 48 hours62' 64. Little is known about the site of action of the drug, but the easy narcosis, with absence of preliminary excitement, the ease of recovery, and the tendency to natural sleep after anesthesia has worn off, would suggest that the phenomena parallel those of natural sleep.
It is inevitable that a new anesthetic should be regarded with conservatism, and it is equally inevitable that it should be dangerously over-extolled by the radicals. Thus it is very difficult to get adequate clinical data on its safety. Killian59 has accumulated some statistics which in his opinion show avertin to be more dangerous than is ether anesthesia, but his interpretations have been challenged60. The general opinion seems to be that it should be used surgically for "basal anesthesia" only, the narcosis being completed with ether, gas, or ethylene. The drug is administered rectally; obviously neither before nor after absorption can the dose be subject to the control possible with the respiratory anesthetics.
The chief dangers appear to be reduction in blood-pressure and respiratory failure. Occasional fatal hepatic and renal damage has been noted62. The Council on Pharmacy and Chemistry57 has concluded that further pharmacological investigations are needed, both on avertin and on amylene hydrate which serves as solvent. However, it may be noted, first, that the mortality is very low in the clinics where avertin has been most frequentlv used56 62 , and second that many of the fatal accidents in the early days of its use were associated with improper handling of the drug, or with the administration of large doses of morphine and scopolamine as preliminary medication-a procedure not in accordance with contemporary practice. It has been estimated56 that the intrinsic anesthetic risk is about 3 in IO,OOO.
In any case, even if the most unfavorable figures are accepted, they do not constitute a contraindication to the use of avertin in tetanus, for the mortality in tetanus is considerably higher than 3 in IO,OOO. Tetanus patients would appear moreover, to be highly tolerant to avertin, at least, in one of Wolf's cases85, the respiration had to be revived artificially before avertin was given, and even under these circumstances, the drug did not depress respiration.
The advantages of the method of administration are almost incalculable. Intravenous No one has yet endeavored to treat tetanus by avertin alone, omitting antitoxin. Kaspar72 in a series of experiments on rats, brought a certain percentage to recovery on avertin plus antitoxin, while of the smaller groups treated with antitoxin alone or avertin alone, none recovered. It is not stated how his toxin was controlled. The same arguments against applying the results of specific treatment to man hold here as those which we noted in evaluating Sherrington's experiments. Moreover, Kaspar's experiments were not sufficient in number to be convincing on statistical grounds. However, it seems not improbable that in man, if the convulsions due to the toxin already in the central nervous system can be controlled, the neutralization of the unfixed toxin in the body might then be of value. At all events there is no statistical evidence that specific therapy is harmful, although the rise in temperature after intrathecal therapy and the serum-sickness which appears some 4 or 5 days later are not agreeable. Neither is the meningeal reaction-unless we are convinced that it is beneficial.
The following case of tetanus, though apparently not as severe as those reported by the German clinicians, confirms their findings both as to the efficacy and the innocuousness of avertin.
The patient, J. C., a Polish boy of I years, was sent into the hospital at 8 P. M. on October 9 with a diagnosis of tetanus. He had stepped on a rusty nail two weeks before; the wound was washed out with boric acid, but no physician was called. The night before admission he had eaten no supper, and had cried without being able to give a reason. At 3 A. M. his father was awakened by a loud cry, and running into the patient's room he saw that the boy had bitten his tongue and was bleeding from it. As far as the father knew he was all right until about 4 o'clock in the afternoon, when he complained of stiffness in the neck and pain in the jaw. A physician was called, who referred him to the hospital.
Abundant cold sweat was noted on the boy's forehead, and the mouth was drawn into the typical risus sardonicus. The jaws could be opened about one centimeter. The neck and the extremities were somewhat stiff, and the abdomen was rigid. Pricking his finger for a blood-count gave rise to a tremor which ascended the arm, then occupied the whole body, and took about 40 seconds to subside. A scar was noted on the right foot. He was given avertin, IOO mg. per kilo.. preparatory to specific treatment. Relaxation was dramatic and immediate. He was thereupon given antitoxin, 40,000 units intrathecally and 20,000 units each by the intramuscular and intravenous routes. His temperature rose from 37.4 to 4o.g°C., and he had a generalized convulsion. The next morning it was decided to press the avertin treatment; accordingly, at noon he received 8o mg. per kilo., and relaxed promptly. Thereafter he received avertin twice a day until October 21, the dose being from 6o to 8o mg. per kilo. After this date he received the drug, in the quantity of 6o mg. per kilo., only once a day. On October 24 avertin was discontinued. Observations were made on the blood-pressure, and the following figures are typical:
Oct. 22 Blood-pressure 7:53 P. M. I 14-7 5 i o8-8o At no time after the first night were convulsions noted. There was no evidence of increasing tolerance or cumulative effect. After the avertin was discontinued the patient was able to sleep without it, i.e., it was not habit-forming. There was no respiratory embarrassment at any time.
On October io the pressure of the spinal fluid was increased, the fluid was cloudy, the Pandy test was four plus, and the cell count was 6,6oo, with 88 per cent polymorphonuclears. He received 20,000 units of antitoxin intrathecally and the same amount intravenously. The next day the cell count was 8,700, with 94 per cent polymorphonuclears. The temperature had ranged from 38 to 39.2°C. On :he I3th the cell count was I28, with 92 per cent polymorphonuclears, and the Pandy test was one plus. On the Isth a serum rash appeared.
His white cell count on admission was 0o,ooo with 72%0 polymorphonuclears.
His red cell count of 5,970,000 indicated some dehydration. He was given saline hypodermoclysis, and soon managed to take water. There was some difficulty with urination, but the avertir would usually be followed by voiding. On the 14th, I5th, and i6th there was a slight trace of acetone in the urine. This disappeared when sufficient sugar was added to the fluid intake. Daily examination of the urine did not disclose evidence of renal irritation.
Convalescence was relatively uneventful. On 'the 25th it was noted that the deep reflexes were hyperactive, especially on the left, and that on the right there was a well-sustained ankle clonus. There was no Babinski sign. The abdomen was still rigid. When discharged on November 6 nothing extraordinary could be noticed in the neuromuscular system. CONCLUSIONS I. Specific treatment with antitoxin is far from adequate as a complete therapy for tetanus.
2. Symptomatic treatment with repeated doses of avertin appears highly logical, both from our knowledge of the disease and from clinical experience.
3. A case is presented in which avertin treatment was associated with recovery. There was no evidence of harmful effects from the drug.
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